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ABSTRACT 

The opera t ing  p r i n c i p l e  of t h e  TRI Zero-G Liquid-Gas Separator- 

Engineering Evaluation Model is  described as w e l l  as the .des ign  of the 

a c t u a l  device de l ivered  under t h i s  cont rac t .  

p rede l ivery  acceptance test and i t s  r e s u l t s  is a l s o  presented. The 

Separator i t s e l f ,  an Operation and Maintenance Manual, t he  Acceptance 

T e s t  Procedure and engineering drawings necessary t o  reproduce the  device 

are each submitted under sepa ra t e  cover. 

A b r i e f  desc r ip t ion  of t h e  
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I. INTRODUCTION AND SUMMARY 

The ob jec t ive  of  t h i s  cont rac t  i s  t o  provide t h e  government with 

an engineering eva lua t ion  model of a device capable of  t h e  separa t ion  of  

l i q u i d  and gas i n  a zero-gravity environment. To e f f i c i e n t l y  accomplish 

t h i s  s epa ra t ion  with r e spec t  t o  r e l i a b i l i t y  (number o f  moving p a r t s ) ,  

f r a c t i o n  of  l i q u i d  removed from o r i g i n a l  two phase sample, and t i m e  

required f o r  t he  separa t ion  of l i q u i d  and gas,  TRW proposes t h e  su r face  

tension screen device descr ibed i n  t h i s  r epor t .  Use of  su r face  tens ion  

screens f o r  t he  sepa ra t ion  of l i q u i d  and gas has c e r t a i n  advantages over  

r ival  systems. Not the  least o f  these advantages is t h e  f a c t  t h a t  t he re  

are no moving p a r t s  i n  a screen device (which increases system r e l i a b i l i t y ) .  

Also,  such a device can be made e n t i r e l y  of  s t a i n l e s s  steel ,  rendering 

cleaning and s t e r i l i z a t i o n  extremely easy and reducing t h e  compat ib i l i ty  

concerns t o  a minimum. A zero-gravity su r face  tension screen system can 

b e  e a s i l y  sca l ed  up t o  l a r g e r  capac i t i e s  i f  required f o r  a given mission. 

A l l  t ha t  is required t o  opera te  a screen  device such as described i n  t h i s  

r epor t  is  a source of  gas pressure and a vacuum source,  both of  which are 

r ead i ly  ava i l ab le  i n  space missions of i n t e r e s t .  

I n  the  following sec t ions  of  t h i s  repor t  the  cons t ruc t ion  and 

operat ion of  t h e  TRW Zero-G Liquid-Gas Separator  is described and t h e  

prede l ivery  acceptance tests are documented. The remaining de l iverables  

o f  t h i s  con t r ac t ;  t h e  Separator  i t s e l f ,  the  Acceptance Test Procedure, t h e  

Operation and Maintenance Manual, and t h e  engineering drawings necessary 

t o  reproduce t h e  device are each t ransmit ted under separa te  cover. 
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11. PRINCIPLE OF OPERATION 

The TRW Zero-G Liquid Gas Separator u t i l i z e s  t h e  p r i n c i p l e  of 

su r face  tension, ac t ing  across  micronic screen  pores,  t o  ob ta in  separa t ion  

of the l i q u i d  phase from a sample o r i g i n a l l y  containing l i q u i d  and gas. 

In  t h i s  s e c t i o n  t h e  p r i n c i p l e  is b r i e f l y  explained and its use i n  the 

present  device is ou t l ined  schematically.  

Referring t o  Figure 1, i t  is seen t h a t ,  whenever 

Surface Tension 
Screen 

c Sol id  Wall 

Figure 1. P r i n c i p l e  of Surface Tension Separation 
of Liquid and Gas 

the re  i s  l i q u i d  i n  contac t  with t h e  screen on e i t h e r  s i d e  of i t  t h e  

r e s i s t ance  t o  flow, say, from poin t  2 to  po in t  3 is much less than across  

loca t ions  on the screen  where gas is i n  contac t  with one s i d e  of t h e  

screen,  say,  from p o i n t  1 t o  po in t  3. This is true s i n c e  a c e r t a i n  excess 

of pressure  a t  po in t  1 is required t o  overcome the  fo rce  of su r face  

tens ion  a c t i n g  across  the  micronic openings i n  t h e  screen  before  gas b u r s t s  

through t h e  screen and e n t e r s  t h e  space between the  screen and s o l i d  

conta iner  w a l l .  This cr i t ical  gas breakthrough pressure  d i f f e r e n t i a l ,  Ap 

is  given by 
IJ’ 
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where 0 i s  the  s w f a c e  tens ion  of t h e  l i q u i d ,  r t h e  equiva len t  rad ius  of 
the su r face  screen  openings, and K is  a constant of p ropor t iona l i t y  nea r  

2.0, depending on t h e  type of screen being used. 

The phenomenon is used to  advantage i n  t h e  TRW Zero-G Gas-Liquid Separator 

concept i n  which t h e  sepa ra to r ' s  o u t e r  conta iner  has a close f i t t i n g  con- 

c e n t r i c  i n n e r  conta iner  of f i n e  mesh screen (see Figure Z).* 
Pressure Gas I n  

Con cen t ri c 
Inner Screen 

:ion 

Figure 2. TRW Zero-G Liquid-Gas Separator Concept 

I n  t h i s  concept the annular space between t h e  screen i n s e r t  and ou te r  con- 

t a i n e r  serves as t h e  pumping annulus from which gas is  excluded by t h e  

ac t ion  of su r face  tension ac t ing  across the  micronic openings of t he  screen. 

Consider t h e  schematic of Figure 2. 

across the screen is a t  poin t  3 where t h e  t r a n s f e r  l i n e ,  R, a t taches  t o  the  

The po in t  of maximum pressure  d i f f e rence  

Separator. 

Separator t h e  minimum pressure  i n  t h e  annulus is a t  poin t  3,  p 3 ,  and is  

given i n  a zero-gravity f i e l d ,  by 

During outflow of l i q u i d  through t h e  screen and o u t  of t h e  

* For purposes o f  ease of handling and experimental monitoring of performance, 
t h e  Engineering Evaluations Model of t h i s  concept w a s  made with a su r face  
tens ion  screen  i n s e r t  i n  t h e  shape of a r i g h t  circular cy l inder  open on 
one end. 
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where p1 is  t h e  pressure  i n s i d e  the  screen volume, Apfs i s  t h e  f r i c t i o n a l  

pressure  drop across  t h e  screen ,  and Apfc i s  t h e  f r i c t i o n a l  pressure  l o s s  

as t h e  l i q u i d  flows in  the annulus t o  t h e  t r a n s f e r  l ine ,  R. 

Notice t h a t  the pressure  drop across  the t r a n s f e r  l i n e ,  R ,  does not 

e n t e r  Equation (1). During outflow, therefore ,  breakthrough of gas i n t o  

the annulus can be avoided i f  

a condi t ion which i s  e a s i l y  m e t  with reasonably slow flows (Reference 1). 

However, when a l l  the  l i q u i d  from wi th in  the  screen  volume, space 1 of 

Figure 2 ,  has been withdrawn a l l  flow l o s s e s  go t o  zero and p 

the  pressure  i n  t h e  co l l ec t ion  tank. 

l i q u i d  , which w i l l  enable another  two-phase sample t o  b e  processed, we  must 

have 

4’ equals  p 3 
Thus, t o  r e t a i n  an annulus f u l l  o f  

P1 - P4 < 

-- _ _  -. 

by some f a c t o r  of  s a fe ty .  

Separator  with a s a f e t y  f a c t o r  of 2. The device can therefore  be  cycled 

i n d e f i n i t e l y  t o  sepa ra t e  l i q u i d  from two-phase samples regardless  o f  t he  

t o t a l  system pressure  so long as inequa l i ty  (2) i s  maintained. 

This  i nequa l i ty  is  s a t i s f i e d  i n  t h e  TRW 
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111. TRW ENGINEERING EVLUATION MODEL 

The TRW Zero-G Liquid Gas Separator - Engineering Evaluation 

Model w a s  constructed t o  opera te  according t o  the  p r i n c i p l e  described i n  

Section 11. I n  t h e  i n t e r e s t  o f  t i m e ,  cost  and usefulness t o  t h e  govern- 

ment, the unit w a s  made with t h e  screen element shown schematically i n  

Figure 2 as a r i g h t  c i r c u l a r . c y l i n d e r  open on one end. Viton and 304 s t a i n -  

less steel w e r e  used throughout t o  minimize compat ib i l i ty  concerns. 

i s  shown i n  Figure 3, t h e  o u t e r  conta iner  i n  Figure 4 ,  and t h e  top  of t h e  

device, with a t tached  valving, i n  Figure 5. 

t h e  assembled apparatus i s  shown i n  Figure 6 .  

is approximately 1900 nil., t h e  screen i s  375 x 2300 mesh and t h e  mean screen 

to  conta iner  w a l l  gap i s  about 0.020". The complete drawings necessary f o r  

reproduction of t he  device are under sepa ra t e  cover. 

over-designed t o  minimize warpage during t h e  necessary welding operations.  

Subsequent devices could employ a screen element with corrugated screen  

w a l l s  which would e l imina te  t h e  per fora ted  support tube v i s i b l e  i n  Figure 3. 

Also, aluminum, properly anodized o r  coated wi th  Teflon, could be used f o r  

the o u t e r  conta iner  and cap. 

below t h a t  o f  t h e  present a l l  s t a i n l e s s  steel model. I f  tests are t o  be  

conducted wi th  gases and l i q u i d s  which are compatible with p l e x i g l a s s ,  t h e  

top cap may be replaced with a p l ex ig l a s s  one and the  opera t ion  of t h e  

The element 

A cross-sectional sketch of  

The capacity of t h e  Separator 

The u n i t  w a s  purposely 

The t o t a l  weight could thereby be reduced 

sepa ra to r  observed from ou t s ide  t h e  u n i t .  

The procedure f o r  the opera t ion  o f  t h e  u n i t  is  described i n  d e t a i l  

i n  Reference 2 but  b r i e f l y ,  i t  cons i s t s  o f  loading the u n i t  i n i t i a l l y  so 

t h a t  the annular space between the  screen and o u t e r  conta iner  w a l l  i s  f i l l e d  

wi th  l i q u i d .  

p ressure  levels guarantees t h a t  no gas w i l l  e n t e r  t h e  annular region and 

t h a t  l i q u i d  outflow from t h e  u n i t  w i l l  continue as long as the re  is  l i q u i d  

i n  contac t  with t h e  i n t e r i o r  su r f ace  of t h e  screen element. When t h e r e  i s  

no longer l i q u i d  i n  contact wi th  t h e  i n t e r i o r  su r f ace  of t h e  screen element, 

t he  flow automatically ceases and, s ince  no gas has en tered  t h e  annular 

region between screen and tank w a l l ,  another two phase sample can be  

admitted t o  the space i n t e r i o r  t o  the  screen  element and t h e  l i q u i d  

ex t r ac t ed  from i t  as before. 

Once t h i s  is  achieved, operation of t h e  u n i t  with the  proper 
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Figure  3. Separator  Screen Element 

6 



Figure 4 .  Separator  Outer Container 
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Figure 5. Separator Cap With Valving 
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I V .  PREDELIVERY DESIGN VERIFICATION AND ACCEPTANCE TESTS 

T e s t s  conducted at TRW p r i o r  t o  the  de l ivery  o f  t he  Separator  t o  

NASA Manned Spacecraf t  Center v e r i f i e d  achievements of t h e  design goals  o f  

t he  u n i t  and j u s t i f i e d  the  acceptance of  t h e  p a r t i c u l a r  device as a properly 

funct ioning l iquid-gas separa tor .  

tests cons i s t s  of  the  following* 

This series o f  v e r i f i c a t i o n  and acceptance 

o Leak T e s t  

o Residual Sample T e s t  

o Funct ional  Operation T e s t  

o Opposing Pressure  Head T e s t  

o Temperature Operation T e s t  

The Leak Test is  simply t o  v e r i f y  t h a t  t he  u n i t  i s  l eak  t i g h t  a t  

20 psig.  In the  Residual Sample T e s t  the  volume o f  l i q u i d  which remains 

i n  t h e  annular  space between t h e  screen and container  w a l l  and i n  valves 

and passages is determined. The Functional Operation T e s t  i s  t o  v e r i f y  

t h a t  t h e  device can be  cycled and s t i l l  maintain a gas-free l i q u i d  outflow. 

A cycle  i s  composed o f  lowering the  pressure  i n s i d e  t h e  u n i t ,  admiting t h e  

two phase sample, withdrawing t h e  l i q u i d  from t h e  sample (flow h a l t s  

automatical ly  when t h i s  is accomplished), and lowering the  pressure  i n  

prepara t ion  f o r  t he  nex t  two phase sample. 

Temperature T e s t s  are concerned with maintaining t h i s  c y c l i c  operat ion 

under condi t ions o f  a one (1) p s i g  back pressure  and extrema1 temperatures 

o f  40°F and 120"F, respect ively.  

Engineering Evaluation Model constructed under t h i s  contract .  

The Opposing Pressure Head and 

A l l  o f  t hese  tests w e r e  passed by t h e  

* For a complete desc r ip t ion  of  the tests and t h e  r e s u l t s  obtained with 
the  present  Separator  Model, see Reference 3. 
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